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Recent results on digital straightness and convexity are reviewed, and it is shown that the criteria for a set of lattice points to be the digitization of a convex set, or for a digital arc to be the digitization of a straight line segment, depend critically on the definition of digitization that is used. in a picture of a nuclear bubble chamber, we may want to classify the particle tracks as being straight line segments, circular arcs, etc., in order to identify the particles that gave rise to these tracks. As another example, in a photomicrograph of a blood smear, we may want to determine whether the nucleus of a white blood cell is convex or has :.oncavities in order to identify which type of cell it is.
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What makes such tasks nontrivial is that computers can only deal with pictures that have been "digitized," i.e., cnverted into arrays of lattice points, and it is not always obvious how to recognize that a set of lattice points must have arisen from a real pattern that has a given geometric property. For example, how do we characterize sets of lattice points that are the digitizations of real straight line segments? This and some related questions will be discussed in i1 this paper. In order to treat them, we must first define more precisely what we mean by "digitization," and introduce some basic "digital picture" terminology. As we shall see, the results depend strongly on the definitions of digitization that we use. If we cross halfway between two lattice points, we resolve the tie by using, e.g., the lattice point that lies to the right of A (in the sense that we are traversing it)*. This grid digitization evidently defines a sequence of lattice A points in A as A is traversed, each an 8-neighbor of the preceding; but it is easily seen that diagonal neighbors now have nonzero probability. A further advantage of grid digitization over cell digitization will become apparent in the next section.
*Alternatively, we could resolve ties by rounding, but as we shall see, the method defined here is preferable. give an analogous example using a line of slope -45*.)
We are now ready to consider the question posed in the title of this paper: Given a digital arc, how can we tell whether it is the digitization of a straight line segment?
Note that any digital arc is always the digitization of things that are not straight line segments, but we want to know when it is also the digitization of a straight line segment. We can also prove Theorem 7. T is digitally convex (subset definition) iff for any two lattice points P,Q of T there exists a straight digital 8-arc B such that P,Q E B c T. II
The convex hull property in Theorem 5 can be used as the basis of an algorithm for determining whether a given set T of lattice points is digitally convex We first construct the convex hull of T; in fact, it suffices to construct the convex hull of the set of "corner points" of T (points of T that have two horizontal or vertical neighbors in the complement of T that are diagonally adjacent to each other). We then check whether the convex hull contains a point of the complement; in fact, it suffices to check whether it contains a "corner point" of the complement. If we represent T by a scheme called run-length coding (see [1] ), the entire process can be carried out in time on the order of M, the image side length (i.e.,
T is contained in an M by M array of lattice points). A similar procedure can be used to determine whether T is a straight digital arc: first verify that it is a digital arc, then check that it is convex.
It should be noted that the situation is more complex in three dimensions [26] . For example, it can be shown that when we use a method analogous to open cell digitization, the chord property is sufficient but not necessary for a set of lattice points in three dimensions to be the digitization of a convex object. Three-dimensional digital geometry is a subject of rapidly growing interest with the increasing need to process three-dimensional data arrays, e.g., as
obtained by computed tomography. recognition. These problems turn out to have neat solutions for some definitions of digitization, but not for others.
Thus the method of digitization used to represent planar subsets in a computer can have unexpected implications with respect to determining geometric properties of the subsets.
